The aim of this study is to infer how an ectothermic multivoltine invertebrate, 1 0 2
Chironomus riparius (MEIGEN 1803)( Fig. 1) , spending most of its life in an aquatic larval 1 0 3 stage (Armitage et al., 1995) , copes with short term temperature variations over a few , 2007a; OECD, 2004; 2010) and is therefore well suited for evolutionary experiments. Moreover, the adaptive potential of this species to a large gradient of local climate conditions 1 0 8 has already been shown (Nemec et al., 2013; Waldvogel et al., 2018) . Wild populations of C. riparius harbours ample genetic variation and have a large effective population size (~10 6 , 1 1 0 (Oppold & Pfenninger, 2017) ). In addition, the several hundred offspring per breeding pair 1 1 1 likely render selection processes on quantitative traits very effective (Pfenninger, 2017) . In 1 1 2 this study, we hypothesize therefore that C. riparius can genetically adapt rapidly within a 1 1 3 few generations to different temperature regimes, which would give first experimental 1 1 4 evidence for rapid adaptation to seasonal temperature fluctuations. Larvae were raised in medium constituted of purified water with sea salt 1 3 7 (TropicMarin) adjusted to a conductivity of 520-540 µS cm -1 and pH 8. The bottom of the 1 3 8 glass bowl (20 cm diameter) was covered with washed sand. Populations were raised at these 1 3 9
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temperatures for three and five generations to simulate the possible seasonal exposure range 1 4 0 (i.e number of generations which could be expected during meteorological summer); this 1 4 1 phase will hereafter be referred to as "Pre-Exposure Temperature" (PET). Survival tests were common garden experiements performed in the third and fifth generation, i.e. individuals were exposed to PET for three and five generations, respectively. These two Generation time at the respective temperature was determined during the first generation, as For each replicate, five egg clutches were put to hatch. Individuals coming from the 1 5 4 same egg clutch will be referred to as families. 18 larvae from each family of each replicate 1 5 5 were raised at three different experimental temperatures called "Treatment Temperature" (TT) 1 5 6 for the analysis (18 larvae x 5 families x 3 temperatures x 2 population replicates)( Supporting 1 5 7 information 3). Each larva was individually raised in six well plates (Ø3.5x2cm) filled with 1 5 8 six mL of medium for 48 hours without feeding to avoid altering the medium. Larval 1 5 9 mortality rates were measured first after 24 and then 48 hours. After 48 hours, the surviving 1 6 0 larvae were pooled by families in glass bowls (Ø20 x10 cm) with sediment and medium and 1 6 1 reared until emergence. The mortality of pupation and emergence was calculated as the 1 6 2 number of individuals not emerged per family, for each combination of PET and TT, when 1 6 3 imagines were removed from bowls. During this stage, larvae were fed daily with dried fish with deionized water in order to conserve the physico-chemical parameters. the effect of the experimental factors on the mortality with the families as random factor 1 7 1 followed by one-way ANOVA tests. In case of significant interactions of two or more factors, 1 7 2 each instance of the interaction was analysed separately. In order to investigate significant 1 7 3 differences between the TTs, ANOVA followed by Tukey post-hoc test were used for data 1 7 4
following the assumptions of normality and homoscedasticity. Kruskal-Wallis tests followed Larval mortality was significantly affected by pre-exposure temperature (PET) and test-1 8 0 temperature (TT), with a significant interaction between these two factors. However, larval 1 8 1 mortality did not differ significantly between the third and the fifth generation or between 1 8 2 replicates. Based on this result, both generations as well as replicates were grouped for further 1 8 3 statistical analyses (Table 1) .
Mean larval mortality increased with the increase in delta temperature according to the (Fig. 2) . On the opposite, larval 1 8 7 mortality did not decrease concomitantly with a decrease of temperature. After 48 hours, significant differences were found between larval mortality depending on the Dunn's-test p-value = <2x10 -16 ) or PET 20° (post-hoc Dunn's-test p-value = 7,2x10 -10 ) (Fig. 3) , 1 9 2 independently of TT. By looking at TT depending on the PET, larvae reared at PET 14° showed 1 9 3 different mortality between TTs (ANOVA F 2,57 = 8,889, p-value = 7,4 x10 -4 ): mortality was 1 9 4 significantly higher at TT 26° than at both TT 20° (post-hoc Tukey's-test p-value = 3,6x10 -5 ) and 1 9 5 TT 14° (post-hoc Tuckey's-test p-value = 54,1x10 -5 ) (Fig. 4a ). For the larvae from PET 20°, none 1 9 6 of the TT showed a significant difference for larval mortality compared to the PET (ANOVA 1 9 7 F 2,57 = 2.936, p-value = 0.06) (Fig. 4b) . Finally, for the larvae coming from the PET 26°, no 1 9 8 significant difference was found between the different TT, even though the means showed a The pupae moratlity was not significantly different between the any of the TTs (ANOVA The aim of this study was to investigate the possibility of rapid adaptation of C. riparius to temperature regimes and mortality rates tested after the third and fifth generation, at the same 2 1 0 three temperatures, respectively. The pupation mortality did not display any significant 2 1 1 differences between treatments while having an important mortality which is consistent with 2 1 2 pupation being the most critical life stage (Oliver, 1971) .The insensitivity of pupal mortality populations the experimental populations were composed of, did not have an influence on 2 1 7 larval mortality at low and intermediate experimental temperatures (Fig. 4, left panel) It did, 2 1 8 however, increase susceptibility to high temperatures resulting in the highest recorded 2 1 9 mortality in our experiments. Apparently, the small number of generations for pre-exposure 2 2 0 did not elicit a benign effect on the fitness trait. Negative pleiotropic interactions to heat experimental protocol, as the experiment did not include feeding during the 48H of treatment. This could have been detrimental for cold raised larvae, because while their developmental 2 2 8 rate was increased with high temperature, they lacked the necessary energy. This therefore 2 2 9 brings the light on the fact that the higher temperature treatment lead to an increase of 2 3 0 development speed. This means that larvae subjected to 26°C treatment theoretically 2 3 1 developed more during 48h than at 14°C and this, without food intake 2 3 2
The intermediate temperature regime applied for three and five generations did also 2 3 3 not result in a relative or absolute decrease of mortality when the offspring was exposed to 2 3 4 this temperature. Probably because 20°C can be considered as the most benign temperature 2 3 5
for the species (Supporting information 2), thus presenting no selection pressure large enough 40% observed at this temperature is a known base line for the species, at least in experimental 2012).The slightly, albeit marginally non-significant increase of mortality at 26°C is 2 4 0 potentially due to a stronger selection pressure at this temperature.
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The pre-exposure to 26°C yielded surprising results, because it reduced mortality 2 4 2 significantly and substantially down to about 12% in all treatment temperatures despite the 2 4 3 difference in developmental speed between the treatment temperature ( Fig. 4 right panel) . The 2 4 4 fact that there is no variation among the treatments, i.e. a lack of interaction between the 2 4 5 genotype with the respective environment argues for a deterministic, i.e. genetic effect. It is, F 2,57 = 15,18, p-value = 5,19x10 -6) , (B) PET 20 °C (ANOVA F 2,19 = 2.936, p-value = 0.06), (C) PET 26 °C (ANOVA F 2,19 = 1.453 , p-value = 0.24). Crosses illustrate mean mortality for each PET. Different letters denote significant differences in mortality between groups. 
